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i Decompression sicltness fD[5J is recognized asa multifac-
tofiil Phenomenon depending on several individual factors,
such as age. adiposity, and level of fitness. The -rletr,-ei|nrs oi fir.
culating venous bubbles is considered as a useful index for the
Safefifof 8 ii-Eflolnnression. because of the relationship between
bubbles and IE5 probability. The aim of this worir was to study
theeifectsof individual vii-ialsies which can be assessed non lm
vaslvely, on the grades oi bubbles detected fill min,aI’l1erdl-ving
by ITIEBIB flllluppln monitoring, in a sample of-ll-ti mie recre-
itlflfl-il 1-tuba divers. The variables Investigated were: age,
weight. maximal tntygen riptal-re {iftjlyrnsirj and percentage of
body iii; l3i'>BFl. Hubble signals were graded according to 1:l1e
Cofllfi of Sliréncer. The relationships between the buhlsie grades
[Bl]; and the variables investigated were sttrdiecl u'si1g'hvo
methods: the differences between the average values of eadt
variable at each no were ar|.aIy',|:ed by ehefiehaffe tut. Then we
|J-Erfflflnfld lire non-parametric 5pe-arman correlation analysis,
Slgnifirant differences ll": o.osi trier-e inund [Sahel-fe rest] he»
tween average values oi the variables at grade U and 3 (age.-
F"i‘-}-U313i Wfiighlz P-0.0420; 'l|'D_;|'i'|B;Iit P‘-i].lIislll1l}, except for
3581' iP- U-169?]. Relationships with Psi o.o1 were found {Spear-
Ftlili correlation} between HG and the variables; age; pI'U,-4-‘BB,
P- 0.002-t; weight: ;-- o.-ins. P-tlooss; '|iI'U;-l'I'hil(i p- -o.-tat,
P" D-WET: Evrfitni ior ‘iGBFt plll-.352, PI 0.037. This vvorit
Sliwl-itri that bubble production after hyperbaric eaposnres ele-
pends on s-everaf ldivldiuai factors. The effects -of age, weight
and 'iI'0;maut are mode significant than the effect ofisbf. 'i're- mn-
duded that in talte into account such variables in decontprr.-s~
5-lon tables and divingcomputer programs slsouirl iIllUIa'a'l'\l]idI|}i‘I
th-edecompresslon procedures to individual rislt Iacto-rs and re-
duce the DE prolsaisility.
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For more than 2|] years it has been known. ttiani-ts to the Dop-
pler ultrasonic detection, that post-rliye r;I1:i:1Jr|',||_:|-;|'|'_'55irJ]1 pro-
dutes venous inert gas bubbles |i9,33]. it was hyporheslned
that bubbles Fontt in the tissues and blood duringde~t:nmpres-
sion u a result otiisupersaturacion of the dissolved inert gas.
from FIII!--Elsisiling gas HI.-Iflti due to vacuum phenomena |3i].
inttavaseular bubbles are detected in tho venous circulation,
most olten in t.he prt-cordial region, and their sound signals
are graded according to a seale of assessinent [15,30]. They
are considered I25] as Int most likely factor {or initiating de-
compression siri-tnesstDC5J.‘l'i1rir presence is not sufficient ro
induce DES. but it is known that lIlt'5 risiit is correlated to billi-
ble production |*SI,lI,23,25,2B,3Ei|- Hove et ai. [III showed that
a high grade ofvenollo bubbles could increase the rislc ofrleu-
nologlcal D€5. Thus. one can consider that thefactors favouring
the formation of bubbles are also [JCS rislt factors and it is pos-
sible to use the detection ofcircularinsl bubbles as an indei-t of
safety for dive and decompression profiles, and to investigate
DES ilsit factors in men. without any DE symprotnt. Hubble
formation during decompression, as well as DES. are multilat-
torial and unpredicable phenotnenons which Powell [25-I
cal led chaotic. nevertheless. the incidence of individual char-
acteristics such as ag'e,wei,ght,adipo-sity on o-ts probability is
widely reoogrrized |S,lEi.l']']. For Jriebande and Mciver |2IJ|.
obesity-il'ld poornhysical condition gcneraliy co-exist and rep-
resent a ltatard to the divers. ohrsiry is recognized as .1 ocs
risit factor because of the high soluh-ility of nitrogen in lipids;
Dembert et al. [ill found significantly higher measures of
weight and sltiniold lhititness in ustt divris tvito riqserlericrci
IE5 when compared to those who remained free of IE5.
Carlin: ct ai. [SI showed significant effects of age. weight and
hody fat tissue on the grades of boobies detected dining dc-
tomoression. For Lam and ‘fau [U], DES susceptibility is in-
creased by age, but this might be due to an increase ofa,d'r|;ros-
ity as a consequence oi age. Brnome et ai. I4] reported that
studies on military divers generally showed no association of
IE3 and age. may commented that, in military diving units,
both senior and junior divers are required to nmintain .1 nigh
level of aerobic fitness. in the acnrai practice of diving, it is
ltnov-to that oltysital fitness is a determining biological factor
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for Dili probability, even if few studies showed its Statistical
significance. Furvann |32|.aerohlcally' trained runners appear
to be ata lovncr rislt oivenous bubbling and bends ill-in WI-‘i5l'll
iiiters or sedentary subjects. Gardette ct ai. [l2| snowed ill-BI
divers who are "bubble |Jrocl|.|cers" had lower scores at the
Rollie: lnoert than "|ru bubble producers". ltattner et ai- |2?|
found that aerobically trained rats had a significantly reduced
rislt oi neurological DES alter hyperbaric eitposure. ieittiirnan
er al, [1i5| reported a redo-ttron of2t'II% in oerebral blood flow
[CBF] at rest, in a sample oi‘ exercise conditioned piss. cem-
pared to the untrained control pigs. llroome er ai. I'll l'r!.I'PD‘ll'lE-
sized that such changes in {BF were representative ti-1' propor-
tional clranges in CH5 blood liov-r generally. thus also in spinal
b-lood llovv. Therefore. they assumed that reduced Ettiitldl Cord
blood flow would lessen the gas uptalte by spinal cord tissue
anti reduce the rislt of neurological EH13- Moreover. their as-
sumed that the rheological eiiects oi aerobic training la rise
in plasma volume and fall in hematocrii] rtliitlll also eltiilleiitl
the reduction of the DES risit. They also subjected ti-ins to an
aerobic training program, and reported a significant reduction
olthe [H25 incidence in the conditioned pigs. compared tn the
control sample, regardless ofdillerentes in age. -liliibflsifl-' and
weight. when comparing various domestic non primate ant-
mals to inan. the pig is tire most physiologically similar I29].
So, Brocr-meetal. [-lilsuggested llial their findings in pigs might
be extrapolated to human divers and that aeroolcal physical
conditioning coul-ti ortrt-eel them against neurological DES. In
order to provide data about relationships hetweeh huhhle fer-
matipn and individual variables vvliich could be ralren idle ac-
count to improve the decompression procedures. we carried
out Doppler monitoring after decompression in a sample oi
recreational divers. Wt: invcstigaleil the relationships between
bubble grades [BG] and variables non invasively assessed: -lg-E.
hodyweighr irgi, body Fat percentage [SEIF] and martimal o:cy~
gen up1.alcei‘v"D;1IlartI:,'rvhicli is at present the besttest to glob-
ally assess the adaptation to physical exertion I11]. We chose
recreational divers because recreational diving practice irr-
creases in the world, and because the individual biometrical
characteristics oi the recreational divers are more dispersed
than those ofthe military and professional divers whflde 1113]!-
rarion rodecompression is more studied and icnovirli. Previous-
ly. we have coinmunicateti preliminary results of our work at
the IBEIE and I99? congresses oi the European Underwater E»
li-aromedical Society [E-, '3'].

Methods

Forty male recreatiortal divers, medically lit to dive [mean cute:
3? c lo. mean weight: so r ll kg. mean heieht: li‘El sill crni
divecl in open water at 35 metres oi sea water imsw]. They
did not dive 4311 before the study dive anti they were required
not to dive ltunfit or fatigued. The bottom time. including the
descent time [?os. r.e. '.tI;I in v min") was 25 min. The dives
were perlormed on a El-5 msw regular flat l.‘-r.'rl‘tIIlIi'l- The Cl€Etam-
pression was determined in acoordancewith the COME-ii 1537
decompression table: linear ascent at El m == I'l1.‘il'l 1. decompres-
sion stops: 3 min at omsw. 15 min at 3 msw. ascent and dc-
oomprcssion stops were notinciucletl in the -dive time The dive
proiiles and the rate oi ascent were strictly controlled by one
investigator who is a diving irestrucpor and who performed all
the diver tiitnseli. The temperature of the water varied in the
period oi the study from 15* to roar at the surface. and from
12 ' to Iii-"C at the bort-om.The divers were equipped with neo-

pr-ene diving suits in accordance with the water temperature-
‘|1tus, nobody reporped to have sullered l'rom the -cold. They
had to avoiti any eitertion eiccepc normal swimming during
the dives, and to reduce eirertton as much as possible before
and after diving. nu oi them gave informed consent in accur-
tianue vvitii the French law about bio ethics-

Bunnie detention .

Bubble netectron was perfonnedlifilmin alter surfacing using .1
continuous Doppler apparatus DUE EU-i..'lEZitI l'llD, equipped
with .1 5 till-Lr probe. This apparatus allows but-hie detections
[El g5lj| uni). Bubbles reflect a characteristic acute echo corn-
pareci to the pulsed hiss corresponding to the blood llovr [l5|.
To imp;-oi,ro tho acourncy‘ of the cardiac signal, the subjects
were placed in left Lateralde\culrit1rs.Tl'|e probe was placed in
ti-no one-to-rtiral region, the ultrasonic wave being directed into
the right ventricle. The subjects lay at rest 1 minute bclore
the monitoring. ll-elore the dives we performed -1 rape record-
ing of their cardiac signal in or-tier to have a relierence. The Sig-
nals were tape recorded for 2 minutes and graded in a blind
manner by two independent investigators according to the
Spencer Doppler code |2Ei|-

Assessment of mu:-r.imoi' oaypen up-tel-re
The mrntimal eitercise test was performed in the laboratory of
Respiratory Function and Muscular Metabolism Ertploratiorr oi
the Sainte Marguedce Hospital llvlarseiiies].
Protoool:

Exercise was pe|'IorTncd on a cvclo ergometer [ER ilfifllaeoerj-.
Testing sessions tool: place in the moming, 2 or 3 hours illliet
hrooiriast, nnib-ienr temperature ranged from 11° to 23 “C.
lifter a 2 minutes warm-up period, the load was increased by
so watts everyl minutes. The rest was stopped in case of es-
ltaustlon, eiccessive hypertensive reaction [diastolic pressure
as lllmmHg, systolic pressure r» 25- mrnHg}, orwhen the subject
presented two oi‘ the three accepted criteria of maximal escr-
i'|l-illll
_ |u.n-;i|nal theoretical heart rate according to the .I‘tslr-and for-

mula: app puis. - age in years ill
— respiratory ratios l.il5
- no increase of 'ii'iL'I3 although the minute respiratory ilow

icepl intreasriig.

The Following paramepers were measured:
- ortyge|1uptake:'v‘O;5lTDlv min" and mlv min ' = 1-cg“ iltg
s body weight].

— minute es-tpiratory volume ["r'!i i'i'l'P-ii lit l‘I‘|il'i"}. expired Eat-
bon diortide ['v'EGy FTPD |r|l it nri1r"]. nesprratorv I-lilo
tn- iircosivuall

- respiratory frequency-

The averages correspondingto the 1 minute intervals were dis-
played and the average of the second minute of each load level
was retained For the study. Heart rate was recorded by means
oi standard electrocardiogram rlenvations during exertion -il'lIIl
recovery periods. Systemic arterial blood prcssun: was mea-
stu'ed at the end of each load level-§Sphy-grrtanornetrie].



  

TIHE1 Individual variables and -grades efeubhtes
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23.3
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26.51-
-1-1
52.-1
-13.?
112.1
25.5

113.1
21 3
1-5.2
115
13.4
1t|.s
It-1.1
11-‘.2
26.3-
E-.4

2-1.3
21.6
19
la.s
20.6
1'.-1
4.3
3-9

11-5
111.1

Mensi-Ire til’ the percentage n|‘ b1:lcl'jv]‘|:.|t{.‘KElF_l

-'Q$U'E'\.\-Il:I—ll.|-a—I—I—-1.,,.i:v_-|:|Q|-l._.u_|.G,

Z1 31 T-'1 35-
22 22 B5 -$3.5
23 36 TE Erl]-.l
2:1 2? 2'11 54]

15 3? B3 33.5
26 -16 -513 45.5
21' 3-D 1UU -1113.7
21:1 3? T5 315
3-9 I1-*3 T-‘I1 52.5
3111 25 E3 '52 2

31 313 $5 -14].?
3? 32' 5'2 -1-3.9
3.5 -ii! 11? 413.3
34 SD 8? 31
35 35 S1 £15
35 42 95 53.3
3-3‘ 43‘ 2'4 ti-E-,3

38 4'3 $13 32
351 33 El-5 351.5
-1113 35! 2? 36.?

14.1
20.6
12.-s
11.5
13.2
1l.il
24.9
11 5
I 5.3
la
13.9
1ls.1
13.?
20.2
12.11
22
12.6
16.6
ls
113.3- ‘L-"='=-Jlill-a—'r-'n-I=.‘=I:I':i-5-0-1:-1-41:11:;-glc,

Tahlel Average values. eliliei.-aiialslt-1 .it each BE.

T151‘ was rntasuted by elettrital impedance hv means e1 a
BDUFSIBI 1550 alltliltatus. This pmcess is more accurate than
the classical are-tess tifs}'.infcr]dtl'|jc1:nes.sl111t,1E]_

ind ividual variables and bubble grades are shown in T,1h-1e 1,

Steins ticai ermiysjg

Data were analyzed with the statistic-al tlliiliifltii-;li';€'5|'l5T‘\1'l]I".1ii1i'.'B£}
arr: categorical and nrdinal data. thus, ante-st the significant ef-
FEFI Of Bath ‘-'-Hlahle en ii-G, we perfnnned a cine-wayr analysis
-hi’ variance IIJLNEIW1]-tvhere BE} were the categories betvveen
which 1'-'1: tried tn make the differenees evident. The signifi-
tancr: bet‘-seen the -iverage values at the vat-iables at each Bl;
was i:w‘esttg.1ted with the Schetfe test. The relationships be-
l'WE'E'l1 I115 and the variable average values were representeel
by rcgrtssinn lines. Then the correlations between variables
and EC '-WI-B investigated by the Speatman cnrrelatien analy-
sis-T|'IE' l-WEI 1:1-1' statistical significance was taken as: P 1: tl.r;r5-

Results

HUIEIQIWS the average values ofeach variable within BIS. The
Fit‘-T13"-'1". shiu-sved the significance trf age [P-El.D12?')-. weight
[P-41.032111. '\"1:|3I'lTl3i|I [P-lJ.l:l2ai']. HF was net significant
[F'='l115|3'?l The dliterenee between the avenge values nf all
Eh-E variables was significant between grade Etancl grade El. 1?!-
EEDII fer ‘£1117 [Table 3]. The regression lines l_se'twee|'| at; and
average values nithe variables are shdwedi|1fig;I.11n:5pear-
rnan cnttelatinn test 'l';“Il'lltlI!|'|D:l';1 the significant effect at age,
"-*!E1gh|I.'\"U;l'l‘li1J'i and ‘-aBF|§Table 4].

BIS EN) ass ‘l|'iI'E1'g|1l. 'i'|I.l=n1a:1 %BF

1:1 Qt}
I I181
2 if-it
3 [F1

26.521
52.0121]
i‘§.T5lII
5|lJ.DCl1I|

32.2313
38.125
42.251]
411-.521

*1-2.952
32.553
33.325
H.235

H.510
15.263
115.225
151-'55?

Table J Sign-iiicance efthe differences bee.-neen the averages values
Heath B1131‘?-cheife testjl

EC. Flielrag-t' =P fer weiglst 1’ 1D1"1|'c1'2111Ji Pfnr£BF

U V5. 1 13.19415
D v5. 2 ELZIES
'1} vs. 3 I103-13 S
1 vs. .2 H.321}

I vs. 3 l2.5€l415
2 ‘I-"5. 5 {i'.‘sl'Sl11

I155-I1-5 CLEE I El
13.95415 Cl.-11331

D.lJ¢l2'i} 5 0.0484 5
0.9325
12.5221
1.1.473 3

D9225
0.5426
D3555‘

5 I 1' '-I l}.I.1'5

Dlseussinrl

i}.l1T-'71
11.1183?
11.1593
0.9991
IILE525
lIl.S41!.'I?

T1I1S~5‘1IlJl21‘_l,"51'IJ'W'Cl21|I]'liI1I'HI|1.‘l.I1l|21il.lii5l.15lIEFllI.l1Ji|1|!‘§ to buhhleprn
duetion clu.1-ingclecnmpcessic-n depends <1-n individual charac-
teristics such as age. tlndv weight. aerclbic filJ'|r:s.s and |JflIC|],I'
fat. The e|'l'ectel’R;EIl= was less significant than the effect dfthe
other variables. Pit present nn data in the literattlre snow .1
relationship between ‘U131-;ma.1t and bubbles, Gut finding; 3:1:
consistent with the studies tarrted clut an animals [11,22].
Which reported the influence tn‘ exercise eclnditinning en DE
neeurrettce. Bubble fclrmatinn is a multifactntial [:|r-|;u;'e.5;5. (see



  

llrdll.-ldual 5I.rscEtl_l_Jilit'g.- to Bubble Prodiicticn-1 in 5-cr.i_ba_l.2-ifi_____

i-T ‘I.

ll- -I2

of . _ ‘"1’
_ . 399 E “_
5“'"=

ii: i I;
II I T J

rtat- :‘_

rneitiiw-sign: H3 hhI‘i1iHF
r.weiglt

ls;
HI I

fit 15

Int] S-ports hied 19519: 2-11-

Flg-'l Relationships h-ctv-een bu-bbic oracles
ancl variables: the difference bense-en the
;rvleragt:vnl|.1t"t elf a-qi;~_ weight, and 'v'CI_|sn'|aJt
is riqniiitant [F:=t}il5fr at grade III and grad-c
3 ['].

sq-11::-ii

5I5BF

1'5 1 1 _ 1 11- - --it-iii 1

i ' ='i..i.a......-silt
Table II 5|Jrear|‘|‘|.ie| correlation ltetvaeen BE and variables

BIZ 1-E. age BIG vs. wleiglil BE. vs. 'i."iII:m.a.I: IIG vs. Kill’

i!1"I].¢Il6 p I III.-163 I2-—'ll.-131 p -11.362
F ".'Il.UIII2-15 P I [2.lZI;'l3Si'5 P -0.002? 5 l" -iIt.{t2.1? 5-

5-|"<l]-I15

introduction]. Thus. although it was not strictly statistically
correct, we believed that it could be interesting to perform .1
rntritioie rt-stession analysis including all the variables. In or-
der to realize a snapshot ofthe respective part ofeach variable.
Tht:=1- variables werethe independent variables and BIS was the
dependent variable. The results were: -1 variables: F'- l1i.tl1ZIlI:i.
age: P- UJIIIH3: weight: FwlZl'.0-15!]: '|iI'l:lI;l.'l'liiJi.2 P- IIl.243i; IBF:
l"=lllt2422. This analysis, whose significance threshold was
l"~iiiuIlI5_ showed more significance for age and weight than
inf ‘I-Tiiniasi and $8-F. Except tor age and weight. the variables
are correlated to one another (Table 5]. F-or2a.r |35|, in such a
case, the interpretation of partial regression becomes ques-
tionable, this could explain that age and weight tooit all the
sigiiificance.

We concluded that recreational divers would be well advised
to lieaprhenisetves phvsicailv fit by rneans ofaerobit training.
in order to reduce bubble formation and DES risiit dunng tie-
compression. Moreover, through training, elderly divers will
also reduce their body fat rate, and will doubly improve their
safety. our conclusion is 0t'1i15l5-lIE'i1t with Broome et ai. I-1|.
who underlined that an individual could manipulate his per-
sonal risic by being aerobically fit or unfit. tvioreover, divers
with a high probability -of Elt"_‘i risic must use decompression
rabies or procedures winch taite these risks into acco-u|1t.They
niust not use rnilitary decompression schedules tested bym.ili-
ta1'ydive'rs:.-'ili.aron-P-eretz et al.| l| emphasized the high inci-
denceofneurologi-c.1| DCS reported in civilian usage ofmilitnry

“ ' ‘uneasiness’

Table 5 Currelalictns belweerl varinhlus

Age 'iM:iglii'l li'if_J;.n1a-;-if XHF

age class N5 o.sa1 s o.4-13 s
wisghi -III.-15-=1 s oaso s.
vo,-lias 11-.542‘ s
‘E--PsIL'I.1'J5

diving tables. age. weight. |11a.rtin1al IJ.i1.y’§Cl'I uptalse and body
fat percentage should be talcen into account to adapt de-
oompression tables and dive computer programs, The physi-
cians could use such tiara to classify the divers into risk niob-
ability categories. Pu‘. Moon er al. wrote [22|: "Someday, diving
computers based on probabilistic models should reilect this
reality {individual characteristics‘) by enabling divers to de-
clare the probability they are comfortable with and then con-
duct their dives accordingly’. it is evident that our statistical
analysis does not explain all the aspects trfhubble fonnatiu:n.
Dther variables such as bland racrors |sa| are also recognised
as being an influence. Hovvever, we chose to check variables
which can be assessed non invasively. T11e delay ofr5-tlmin be-
fore Doppler monirn-ring was imposed tine tn particular mare-
iiai cltcunistahces. Nevertheless. some authins reported that
in most cases, bubbles pealc about El] min afoer surfacing
|t0,25], so we can assume that this delay was appropriate. l.ln-
liice eitoertrnentnl studies in hvuetharic chambers. our subjects
had to eicereis-1': under actual conditions of diving. i.e. to -equip
themselves. to swim, to come bacit to the diving boat, to table
oifand tidy their equipment, etc... They were affected by the
effects ofcoid and immersion: diuresis. liaemocoiicentratlort.
change in the repartition uithe blood mass. dehydration. Thus.
their level of bubble release corresponded to the actual ester-
cise ni all recreational divers respecting tlie safety rule: :11e-d-
erateenertion before. otlrl ngano after diving. Thus. we consid-
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er that the field conditions ofour study give .1 betterpierure of
the bubble production than the traditional experimental stud-
ies i:.irri-9:1 nut in hyperharic rhamhers on standard samples of
orofessic-i1.i| or rnilitary divers.
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